In this letter, advanced QRD-M detection using iterative scheme is proposed. This scheme has a higher diversity degree than conventional QRD-M detection. According to the simulation results, the performance of proposed QRD-M detection is 0.5dB to 5.5dB better than the performance of conventional QRD-M detection and average iteration time is approximately 1 in the value of M = 1, 2, 3. Therefore, the proposed QRD-M detection has better performance than conventional QRD-M detection, particularly in a high SNR environment and low modulation order.
Introduction
The orthogonal frequency division multiplexing(OFDM) system is used for high data rate wireless communication in a multipath channel environment and can be extended to a multiple input multiple output(MIMO) structure. The MIMO systems have been shown to greatly increase the spectral efficiency in both the theory and practice [1] , [2] . The vertical Bell Laboratories layered space time (V-BLAST) [3] is an effective MIMO structure to obtain spatial multiplexing gain and high spectral efficiency while it maintains low implementation complexity. The high transmit data rate of V-BLAST causes a lot of performance degradation. Therefore many detection schemes for V-BLAST have been proposed to improve the traditional transmit scheme [4] - [8] .
Among detection theories, the QRD-M detection obtains high detection performance [4] , [5] . During the detection process in QRD-M detection, the prior detected symbols are used in later detected symbols through decision feedbacks. If the prior detected symbols are correct, the next symbols are more accurately detected since the prior correctly detected symbols are used in the detection of the next symbols. However, if the prior detected symbols are not correct, the next symbols are inaccurately detected since prior wrong detected symbols are used in the detection for next symbols and it causes enormous performance degradation.
In this letter, the advanced QRD-M detection with it- erative scheme is proposed and increase the diversity degree. Therefore, error propagation is reduced. According to the simulation results, the performance of proposed QRD-M detection is 0.5dB to 5.5dB better than the performance of conventional QRD-M detection and average iteration time is approximately 1 in the value of M = 1, 2, 3. Therefore, the proposed QRD-M detection has better performance than conventional QRD-M detection, particularly in a high SNR environment and low modulation order.
System Model
In this letter, T x × R x (T x ≤ R x ) system is used to symbolize a configuration with T x transmit and R x receive antennas and Fig. 1 shows MIMO-OFDM system. The OFDM symbol of transmit antenna is represented as
, where m denotes the index of transmit antenna, (·) * denotes subcarrier and K is the number of subcarriers. Total transmit OFDM symbols are represented as X
T since the OFDM symbols are transmitted to parallel. The received symbol matrix can be written as follows : 
Conventional QRD-M Detection Scheme
In the conventional QRD-M detection scheme, G 
Therefore, the received symbol Y k * can be expressed as
In the first step of QRD-M detection, the system con- 
The squared Euclidian distance vector is e
The L candidate symbols(c) are calculated by the squared Euclidian distance vector(e k * 1 ), the M 1 (M 1 ≤ L) symbols are selected from smallest to M 1 value for Euclidian distance and each symbol is the minimum branch metric. The selected symbols,X
, are transferred to the next step. In the m-th stage, the branch metrics accumulated from the first to the m-1 step are updated to consider next candidate symbols.
Therefore, the path metric for h-th survived symbol
and l-th candidate of symbol(c(l)) are calculated as follows :
where E k * m−1 (h) is the path metric of the h-th survived candidate symbols of the (m-1)-th stage. In Eq. (5), the M m (M m ≤ L) symbols are selected from smallest to M 1 value for Euclidian distance. This step is repeated up to the R xth stage. At the R x -th stage, the candidate symbol which has the smallest path metric is selected among M R x survived candidate symbols and the selected candidate symbol is decided to final detected symbols.
Proposed QRD-M Detection Scheme
In conventional QRD-M detection scheme, the first detected symbol is significant for overall BER performance because the first detected symbol is used to detect remaining symbols. In order to improve BER performance, we propose an algorithm to increase the diversity degree. In general, addition of receive antennas is solution that increases the diversity degree, but it is not efficient solution because the number of receive antennas is limited by the size. Therefore proposed detection scheme uses iterative algorithm to increase the diversity degree and detailed analysis is as follows.
The 4 × 4 MIMO-OFDM system is used to describe the detection process. Figure 2 shows the proposed QRD-M detection algorithm. The maximum iterative number(Maxiter) is used to prevent the unexpected divergence and the iterative number(Iter) is set to 1 before the start for the proposed QRD-M detection algorithm.
In the first step of the proposed QRD-M detection, four symbols are detected by using the conventional QRD-M detection and these symbols are presented asX 
Simulation Results and Discussion
In this section, we demonstrate the BER performance, calculate the complexity and demonstrate the average iteration time of proposed QRD-M detection via simulation.
In order to compare the complexity of conventional QRD-M and proposed QRD-M detection, the number of all candidates is used. If I defines average iteration time of proposed QRD-M detection, complexity value of the conventional QRD-M and proposed QRD-M detection is as follows.
To evaluate the BER performance, The 8 × 8 MIMO-OFDM system is used and the number of subcarrier is 256. M is the number of candidate using QRD-M detection. The channel is Rayleigh fading channel and the number of channel path is 7. It is supposed that the channel is frequency flat fading during one MIMO-OFDM symbol period. The maximum iterative number(Maxiter) is set to 1. Figure 3 shows the BER performance of the proposed QRD-M detection with 8 × 8 MIMO-OFDM system using 16-QAM modulation. The number of candidate(M) for proposed QRD-M detection is set to 1, 2, 3 and in order to Table 1 The change of diversity degree in proposed detection scheme.
State
Detection process Diversity degree have similar complexity, the number of candidate for conventional QRD-M detection is set to 2, 4, 6. In the case of M=1 for proposed QRD-M detection, the performance is 2.0dB better than the performance of conventional QRD-M detection(M=2) at BER of 10 −4 and in the case of M=2 for proposed QRD-M detection, the performance is 1.0dB better than the performance of conventional QRD-M detection(M=4) at BER of 10 −4 and in the case of M=3 for proposed QRD-M detection, the performance is 0.5dB better than the performance of conventional QRD-M detection(M=6) at BER of 10 −4 . The proposed QRD-M detection has little performance degradation than conventional QRD-M detection at low SNR environment but the proposed QRD-M detection has better performance improvement than conventional QRD-M detection at high SNR environment. Figure 4 shows the BER performance of the proposed QRD-M detection with 8 × 8 MIMO-OFDM system using QPSK modulation. The number of candidate(M) for proposed QRD-M detection is set to 1 and in order to have similar complexity, the number of candidate for conventional QRD-M detection is set to 2.
In the case of M=1 for proposed QRD-M detection, the performance is 5.5dB better than the performance of conventional QRD-M detection(M=2) at BER of 10 −5 . Similar to the result of Fig. 3 , The proposed QRD-M detection has little performance degradation than conventional QRD-M detection at low SNR environment but the proposed QRD-M detection has better performance improvement than conventional QRD-M detection at high SNR environment. Moreover, the performance degradation area is narrower and the performance improvement area is much wider than Fig. 3 .
Because the detected symbols are more accurate and proposed QRD-M detection has more diversity degree than conventional QRD-M detection, gap of BER performance between proposed QRD-M detection and conventional QRD-M detection is more increased in high SNR en- Fig. 4 BER performance of proposed QRD-M detection(M=1) with 8×8 MIMO-OFDM system using QPSK. vironment and low modulation order. Figure 5 shows average iteration time of proposed QRD-M detection. In this simulation, an 8 × 8 MIMO-OFDM system using 16-QAM is used, maximum iterative number(Maxiter) is set to 5 and M is set to 1, 2, 3. By the simulation result, maximum average iteration time is 1.34 and minimum average iteration time is 1. When SNR and M values are high, average iteration time is approximately 1.
According to the BER performance, complexity and average iteration time, the BER performance of proposed QRD-M detection scheme is better than the BER performance of conventional QRD-M detection scheme particularly in high SNR environment and low modulation order. Moreover, average iteration time is approximately 1. Therefore the proposed QRD-M detection scheme is very efficient.
Conclusion
In this letter, the advanced QRD-M detection with iterative scheme is proposed. The proposed scheme obtain more diversity degree than conventional scheme. Therefore error propagation is reduced. Simulation results show that the proposed QRD-M detection has better BER performance than conventional QRD-M detection particularly in high SNR environment. The average iteration time of proposed scheme is approximately 1. Therefore the proposed QRD-M detection can be efficiently used in a high SNR environment and low modulation order.
